The long duration of 4 months of postoperative adjuvant chemotherapy is currently recommended for locally advanced rectal cancer after preoperative chemoradiation and surgery. Whether a short duration could be applied in these patients is unknown. So, the purpose of this study is to evaluate the effects on prognosis based on different durations of adjuvant chemotherapy for rectal cancer.
INTRODUCTION
C urrently, the standard care for locally advanced rectal cancer is preoperative chemoradiotherapy followed by surgery. Irrespective of the final pathology, approximately 4 months of postoperative adjuvant chemotherapy (total 6 months of perioperative chemotherapy) is typically recommended. 1 However, the evidence supporting this recommendation is limited. 2 Several studies have questioned the need of adjuvant chemotherapy for locally advanced rectal patients, especially for those with ypT0-2, 3-6 a subset of patients who exhibited favorable response and were reported to achieve excellent survival regardless of receiving adjuvant chemotherapy or not. [7] [8] [9] Meanwhile, the recent clinical trial of ADORE has well established the significant value of FOLFOX adjuvant chemotherapy for rectal cancer with ypII-III. 10 However, the percentage of patients who could fulfill the full courses of adjuvant chemotherapy is less than 50% and many of the patients are unable to complete all the planned courses due to the side effects or other reasons during the long time of adjuvant chemotherapy. 3, 11, 12 Thus, some patients received just inadequate durations of postoperative adjuvant chemotherapy. But, whether a shorter duration of adjuvant chemotherapy is suitable for rectal cancer patients is still unknown. Previous work has proved that adjuvant chemotherapy may not be need for ypT0-2N0 patients, whereas there were still some controversies regarding patients with ypT3-4N0. 4, 10 And our present study is to further explore whether a shorter duration of adjuvant chemotherapy should be adopted for the patients with ypT3-4N0, and also for those with ypTanyNþ.
METHODS Ethics Statement
This research was approved by the Ethics Committee of Sun Yat-sen University Cancer Center, and written informed consent was obtained from every patients included in the study. examination, such as endorectal ultrasound, pelvic computed tomography, and magnetic resonance imaging; received preoperative chemoradiation followed by total mesorectal excision (TME) surgery; pathologically staged as ypII and ypIII; underwent at least 1 course of postoperative adjuvant chemotherapy; no evidence of distant metastasis during the treatment and no concurrent malignancy or prior history of radiotherapy to the pelvis. Two hundred cases were included after reviewing the clinical data.
Treatment
All the patients were prescribed to receive a standard protocol of neoadjuvant chemoradiotherapy, including 2 courses of concurrent chemotherapy. The prescribed dose for the entire pelvis was 46 Gy in 23 fractions for the pelvic with an additional 4 Gy divided into 2 fractions injected into the primary tumor. The radiotherapy technique was based on a 3-dimensional conformal radiotherapy treatment planning system (PIN-NACLE 8) using a 3-field irradiation plan (8-MV photon posterior-anterior field and 15-MV photon opposed lateral beams). The clinical target volume (CTV) has included the region of primary rectal tumor, perirectal tissues, the presacral lymph nodes, the internal iliac lymph nodes, and the obturator lymph nodes. The superior border of the CTV was at the bottom of L5, and the inferior border was 3 cm distal to the tumor. The anterior border was the posterior margin of the bladder or uterus, and the posterior border was the anterior margin of the sacrum. Planned target volume was defined as CTVþ 8 to 10 mm.
The regimens of the concurrent chemotherapy were FOL-FOX6 and Xelox. A total of 41 patients were treated with chemotherapy using FOLFOX6 (85 mg/m 2 oxaliplatin, 400 mg/ m 2 leucovorin, and 400 mg/m 2 5-FU iv d1 followed by 2400 mg/ m 2 civ 46-48 hours), and the other 159 patients received Xelox (100 mg/m 2 oxaliplatin d1 and 1000 mg/m 2 capecitabine bid, po, d1-14).
At an interval of 5 to 12 weeks after the completion of chemoradiotherapy, radical surgery for rectal cancer was conducted. All operations were performed by colorectal surgeons according to the principles and methods of TME, including low anterior resection, abdominoperineal resection, and Hartmann.
Adjuvant chemotherapy was administered to the patients according to the regimens of FOLFOX6 (85 mg/m 2 oxaliplatin, 400 mg/m 2 leucovorin, and 400 mg/m 2 5-FU iv d1 followed by 2400 mg/m 2 civ 46-48 hours), Xelox (130 mg/m 2 oxaliplatin d1 and 1000 mg/m 2 capecitabine bid, po, d1-14), or the single agent capecitabine (1250 mg/m 2 bid, po, d1-14). The median duration of adjuvant chemotherapy was 2 months (range 0.7-4.2 months). Thus, all the patients included in our study were dichotomized into 2 groups according to the median duration: short-duration group and long-duration group.
Pathologic Classification
Pathologic tumor staging of the resected specimen was performed by experienced pathologists. The operative specimens of 200 patients were restaged according to the American Joint Committee on Cancer (AJCC) 7th Edition staging system. All of the specimens were carefully dissected to evaluate all potentially involved lymph nodes, and the median number of retrieved lymph nodes was 6 (range 2-37 nodes). Additionally, circumferential resection margin (CRM) involvement was defined as the maximum distance between the tumor and the proper rectal fascia of less than 1 mm. Negative CRM, as demonstrated by pathology, was achieved for all patients in this study.
Toxicity Assessment for Adjuvant Chemotherapy
The therapy-related adverse events were defined as complications that occurred during adjuvant treatment, which were graded based on Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0. Severe adverse events were defined as any grade !3 toxicity. Adverse events were recorded for each patient and were documented in our colorectal database.
Follow-up
The follow-up policy was every 3 months for the first 2 years after surgery and every 6 months thereafter. The evaluations were done based on the complete blood count, liver function test, carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), and physical examination during each visit. Chest radiography, computed tomography scanning of the abdomen and pelvis, and colonoscopy were conducted every 6 months. The follow-ups for each patient were recorded in our database. In this study, the median follow-up period for all patients was 46 (range 10-107) months.
Statistical Analysis
All statistical analyses were performed by SPSS software, version 18.0. Categorical variables were analyzed by using the chi-square test or Fisher exact test. Continuous variables were analyzed by the Student t test or Mann-Whitney U test. The Kaplan-Meier method was employed to compare disease-free survival (DFS) rates and overall survival (OS) rates. Multivariate analysis of DFS, local recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) was performed by Cox proportional-hazards regression, and Cox proportionalhazards model was performed using a forward conditional selection of variables. Variables with P value <0.2 were entered into a Cox model. P < 0.05 was considered to be statistically significant.
RESULTS

Clinical Characteristics
In all, 200 patients who underwent chemo-radiotherapy treatment and radical resection were included in our study. Among these patients, 120 patients were administered with 2 to 4.2 months of adjuvant chemotherapy, and the remaining 80 patients underwent it for a shorter duration of 0.7 to 2 months. Comparing with the patients who have received a longer duration of adjuvant chemotherapy, those who have received a shorter duration of it exhibited an older appearance, lower level of pretreatment CEA, and more percentage of clinical II stage. No significant difference in sex, hemoglobin (Hb), tumor location, clinical T stage, clinical N stage, tumor grade, concurrent chemotherapy, type of surgery, number of retrieved lymph nodes, ypN stage, ypT stage, regimens of adjuvant chemotherapy, and follow-ups were showed between the 2 groups (Table 1) .
Survival Analysis for the Entire Group
For the entire group, 40 patients died during the followups. The 5-year OS rates in the long-duration and short-duration groups were 78.5% and 73.5%, respectively ( Figure 1 , Table 2 ), which was not significantly different between the 2 groups (P ¼ 0.129). Sixty patients with tumor recurred. Among them, local recurrence was found in 18 patients, distant metastasis was detected in 32 patients, and both local and distant recurrences were found in 10 patients. Furthermore, the 5-year DFS rates were also comparable between the long-duration and shortduration groups (71.0% vs 58.5%; P ¼ 0.145) ( Figure 2 , Table 2 ). We also performed the analysis based on ypTNM stage, and it was found that patients with ypIII stage acquired worse survival than those with ypII stage (Table 3) .
Survival Analysis for the Subgroup of ypII Stage
In the subgroup of ypII stage, 29 patients experienced recurrence; among these 17 patients died of tumor recurrence. There were 9 patients who displayed local recurrence and 16 patients who only exhibited distant metastasis. The remaining 4 patients developed both local and distant recurrence. In the long-duration and short-duration groups, the 5-year OS rates were 81.6% and 84.1%, respectively, and the 5-year DFS rates were 75.0% and 71.8%, respectively ( Figures 3 and 4 , Table 4 ). No significant difference was detected in either OS (P ¼ 0.409) or DFS (P ¼ 0.803). Further analysis of the recurrence pattern revealed that there were no differences in both the local recurrence and distant metastasis rates between groups of longer duration and shorter duration (P > 0.05) ( Table 5) .
Survival Analysis for the Subgroup of ypIII Stage
For the patients with ypIII stage, those who were undergoing long duration of adjuvant chemotherapy exhibited longer DFS than those who were undergoing short duration of it (P ¼ 0.027) ( Figure 5 , Table 6 ). However, there was no significant Figure 6 , Table 6 ). Additionally, based on analysis of distant metastasis, the patients in the long-duration adjuvant-chemo group displayed a lower rate of distant metastasis than those in the shortduration adjuvant-chemo group (P ¼ 0.041). Meanwhile, the rate of local recurrence between the 2 groups was similar (P ¼ 0.364) ( Table 7) .
Clinical Predictors of DFS, LRFS, and DMFS
For patients with ypIII stage, multivariate analysis indicates that the factors of adjuvant chemotherapy and retrieved lymph nodes were the independent predictors of DFS. And the retrieved lymph nodes were found to be specifically associated with LRFS. Furthermore, short-duration adjuvant chemotherapy was also found to be significantly associated with lower DMFS, with patients who have received shortduration adjuvant chemotherapy having a 2.4-fold increased risk of distant metastasis in relation to those who received long duration of it (Table 8) . However, in patients with ypII stage, the duration of adjuvant chemotherapy was not significantly associated with the survival. The location of the tumor was found to be the only factor to predict DMFS, and no other factors were detected to be associated with DFS or LRFS ( Table 9) .
Toxicity of Adjuvant Chemotherapy
The most common toxicity types for adjuvant chemotherapy were diarrhea, hand-foot syndrome, and neutropenia.
Severe adverse events during the adjuvant chemotherapy were observed mostly in the toxicity types of diarrhea, hand-foot syndrome, and nausea. It was further found that severe adverse events of toxicity types of diarrhea and hand-foot syndrome occurred more likely in the group receiving long-duration therapy than in the group receiving short-duration therapy. Whereas, other toxicity types with severe grade (grade !3) were similar between the 2 groups (Table 10) .
DISCUSSION
Although a full course of adjuvant chemotherapy is still highly recommended for locally advanced rectal cancer after long-course chemoradiotherapy followed by radical resection, our current study has proposed certain challenges to this process of care. We found out that there were no significant differences in both OS and DFS among the patients who received long and short duration of adjuvant chemotherapy for the whole group of patients in our study. However, further subgroup analysis showed that, in patients with ypIII stage, those who were in the long-duration adjuvant-chemo group acquired longer DFS than those who were in the short-duration adjuvant-chemo group. But, in the subgroup of ypII stage, better survival has FIGURE 2. Disease-free survival (DFS) for the whole group stratified by duration of adjuvant chemotherapy. No significant difference was found in DFS between patients with long and short durations for the whole group (P ¼ 0.145). not been detected in patients who have received longer duration of adjuvant chemotherapy compared with those who have received shorter duration of it. Furthermore, we explored the pattern of recurrence for different subgroups. In the subgroup of ypIII stage, the results indicated similar local recurrence rates between patients who received long and short duration of adjuvant chemotherapy, but the rate of distant metastasis was found to be higher in the short-duration adjuvant-chemo group than that in the long-duration adjuvant-chemo group. Most importantly, this decreased rate of distant metastasis brought by longer duration of adjuvant chemotherapy was not shown in patients with ypII stage, revealing that the benefit of the longduration postoperative adjuvant chemotherapy was focused on reducing the risk of distant metastasis only for those with ypIII stage. The value for patients with ypII stage was not fully supported. Multivariate analysis was performed using Cox proportional-hazards regression to ensure that the results are presented in a more constructed manner, The results showed that adjuvant chemotherapy was an independent predictor of DMFS for patients with ypIII stage, with patients who have received shorter duration of adjuvant chemotherapy having a 2.4-fold increased risk of distant metastasis compared with those who have received a longer duration of it. However, for patients with ypII stage, adjuvant chemotherapy was not significantly associated with the survival. The benefit of adjuvant chemotherapy after neoadjuvant chemoradiotherapy and surgery in locally advanced rectal cancer is controversial and therefore, may be a reason for the wide variability in applications of adjuvant chemotherapy among institutions. 2, 13 There is also no conclusive evidence to define the optimal duration and regimen of adjuvant chemotherapy, which may lead to variability in physician recommendations and the patients' decisions from different trials.
10-12,14 -16 As we know, 4 randomized clinical trials have specifically evaluated the value of adjuvant chemotherapy for locally advanced rectal cancer receiving neoadjuvant chemoradiotherpy. And they are EORTC22921, CHRONICLE, I-CNR-RT, and PROCTOR-SCRIPT trials. 11,14 -16 None of the 4 trials showed significant differences of OS and DFS between the patients who did and did not receive postoperative adjuvant chemotherapy. However, before we may accept the conclusion, we should also notice that the compliance to adjuvant chemotherapy was poor in those trials. Less than 50% of the patients in the EORTC22921 trial and CHRONICLE trial completed all cycles of chemotherapy. Thus, we could not exclude the possibility that it was due to the inadequate duration of adjuvant chemotherapy in the experimental group that lead to no improvement in survival by the adjuvant treatment. This hypothesis may be supported by the trial of ADORE, in which nearly all the patients completed the long-duration adjuvant chemotherapy and FOLFOX adjuvant chemotherapy was found to be effective. In the trial of ADORE, Hong et al randomly assigned 321 patients to use fluorouracil þ leucovorin and FOLFOX. After a median follow-up of 38.2 months, the 3-year DFS was shown to be significantly higher in the FOLFOX group compared with that in fluorouracil þ leucovorin group. And this difference was proved to be more obvious in patients with pathological stage III. 10 The ADORE trial just indicated that adjuvant chemotherapy of FOLFOX was effective in rectal cancer patients with ypII and ypIII, and the regimen of adjuvant chemotherapy added with oxaliplatin tend to bring better survival than that containing only fluorouracil and leucovorin. Besides, Hong and Ryan mentioned that the reduced-dose bolus fashion of postoperative chemotherapy in the EORTC22921 trial, the small numbers of patients and poor accrual in CHRONICLE trial, and the underpower to detect a small survival benefit in the PROC-TOR-SCRIPT trial may also affect the true results of the trials which were designed to explore the need of adjuvant chemotherapy for locally advanced rectal cancer. 17 Furthermore, some studies still supported the routine use of postoperative adjuvant chemotherpay in some subsets of rectal cancer patients, especially in patients with ypII and ypIII stage. 18, 19 However, whether a short-duration adjuvant therapy could be applied is still unknown. Our present work further addresses this problem, showing that a short duration of fewer than 2 months of adjuvant therapy did not lead to impaired survival for patients with ypII stage, and long-duration adjuvant chemotherapy may still be needed for patients with ypIII stage.
The clinical dilemma of low compliance to the long duration of 4 months of postoperative adjuvant chemotherapy is often faced by the patients and physicians. Many patients failed to complete the long-duration adjuvant chemotherapy and some patients did not even receive it at all. As is reported by Haynes et al, significant variation exists in the receipt of postoperative chemotherapy after resection and it was shown that pathologic stage was the strongest determinant of which patients received postoperative chemotherapy with stage I are less likely to receive it than stage III. 20 Other factors, such as age, Eastern Cooperative Oncology Group performance status !1, on Medicaid or indigent compared with private insurance, presence of reoperation/wound infection, and no closure of ileostomy/colostomy, were also found to be significantly associated with not receiving adjuvant chemotherapy. 21 The reasons accounted for not completing all courses of the adjuvant chemotherapy in our study were mainly the toxicity caused by chemotherapy, poor performance status, the economic ability, and refusal. Whether shortening the adjuvant treatment time would be possible for these patients was clinically meaningful. As far as we know, we are the first to hypothesize and suggest that a short duration of adjuvant chemotherapy may be applied in patients with ypII stage. Whereas, for patients with ypIII stage, long duration of adjuvant chemotherapy seems to play a vital role in decreasing the rate of distant metastasis and should still be administered among these patients. Although our study was retrospective, there was no randomized trial that would specifically address this problem. The value was that many more patients with ypII stage would only undergo shorter duration of postoperative adjuvant chemotherapy, which can save a lot of time and alleviate the severity of toxicity caused by the chemotherapy.
There were several limitations in our present study. One of which was a retrospective analysis of a small sample size of rectal cancer patients with a short follow-up. Although we have supported that, in patients with ypII stage, long time of more than 2 months of adjuvant chemotherapy did not lead to better survival than that of fewer than 2 months, the exact duration has not yet been clearly outlined and it would only be fully answered by large randomized controlled clinical trials. Furthermore, patients with ypIII stage were more likely to develop distant failure rather than local recurrence in the long-term follow-up. Thus, whether the intensity of 4 months of postoperative adjuvant chemotherapy recommended by National Comprehensive Cancer Network guidelines could actually eradicate the potential of micro-distant metastasis is still unknown. Another major problem was due to the limited cases for patients receiving different regimens in the adjuvant chemotherapy, it prevented us from doing further analyses in deciding whether regimen added with oxaplatin would bring improved survival, as was found in the trial of ADORE.
In conclusion, the current study performed by us does not suggest more than 2 months of adjuvant chemotherapy for rectal cancer patients with ypII stage. However, for patients with ypIII stage, adjuvant chemotherapy of fewer than 2 months showed limited power to control the rate of distant metastasis. Thus, at least 2 months of adjuvant chemotherapy is highly recommended for these patients. Furthermore, distant failure was a major problem in locally advanced rectal cancer after preoperative chemoradiotherapy, and systemic therapy seems to be the main treatment to control it. So, identifying the optimum duration and regimen of adjuvant chemotherapy is imperative and need further investigation. 
